According to statistics, there are about 300 million people whose respiratory system contracts disease every year in China, and the number of people who suffer from coughs reaches 50 million. Moreover, the disease incidence rate is in direct proportion to the high development of economy.
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ANALYTICAL SCIENCES APRIL 2009, VOL. 25 peaks and small ones, which can accurately describe the similarities of both the chemical component quantity and the chemical constituents proportion distributed between the SFP and the RFP. The sample is qualified when SF and SF¢ are both above 0.9 as well as |SF -SF¢| £ 0.05. Under such condition, the chemical component quantity and the chemical constituents proportion distributed in the SFP are considered to be equal to those in the RFP. Therefore, this is the necessary premise to perform the quantitative assessment in its entirety. The mean value of SF and SF¢ (SF) can also better describe the similarities of both the chemical component quantity and the chemical constituents proportion distributed between the SFP and the RFP, as described in Eq. (3) . The sample is also qualitatively qualified when SF > 0.925 and |SF -SF¢| £ 0.05. Sometimes, it is suitable to decrease the limit for some herbals and preparations.
(1)
In the early studies of TCM-FPs, many scholars all over the world put emphasis on the study of qualitative similarity and described it in a vague way, 17 seriously neglecting the quantitative function of CFP, which was the very important function possessed by CFPs. The projection of SFP vector AE X on RFP vector AE Y is described by Eq. (4), which is directly comparable to vector AE Y in length, so the quantitative similarity calculated by vector projection can be defined as Eq. (5), which is also seriously influenced by the big fingerprint peaks and cannot reflect the lack of small ones.
The percentage of the total areas of all fingerprint peaks in SFP to that in the RFP is called the apparent quantitative similarity R, seen in Eq. (6) . This value can accurately denote the total content of all chemical constituents in sample as it comes closer to that of the RFP. The R was corrected by SF to obtain a new quantitative parameter that was called the quantitative similarity P, described in Eq. (7), which avoids the problem of cross-compensation during summing the different peak areas. The DQTS should be composed of C and P, so that we can accurately calculate overall how much was the contribution of each fingerprint peak to the DQTS and how much was the change of each quantitative similarity under losing the big fingerprint peak or the small one. When the DQLS is properly used, the DQTS should be within 90 -110% for preparations and 85 -120% for crude drugs as well as |C -P| £ 10%.
14 If the requirements are met, the quality of sample can be scientifically controlled in two overall ways. The mean value (P) of C and P can also better describe the quantitative similarities between SFP and the RFP, as described in Eq. (8) . The sample is quantitatively qualified when 85% < P < 120% and |C -P| £ 10%; the limit may suitably increase in some cases. The values of C and P can be corrected by multiplying by f, respectively, where mi and m respectively represents the ith sample weight and the mean sample weight in the development of the RFP, as described in Eq. (9) . The DQLS and the DQTS are combined to accurately achieve the overall qualitative and overall quantitative assessments for HD and TCM; this procedure is called the DQDQS method.
Objective function of optimization for chromatographic fingerprints Sun 18 proposed using the chromatographic fingerprint (CFP) F to evaluate the fingerprints from the following three aspects: firstly, the effective separation rate (b) as described in Eq. (10) to indicate the separation efficacy, where m was the pairs of baseline-separated peaks, and n indicated the total number of common peaks; secondly, the leveling coefficients of common peak signals (g) as described in Eq. (11) to disclose the uniformity of fingerprint signals, where Ai represents the ith common peak area; and lastly, the product of all common peak areas to disclose the magnitude of all signals. Therefore, a CFP index F was defined as in Eq. (12) to comprehensively reflect how much better a fingerprint is, where A0 represents the average geometry peak area and R is the total signal intensity corrected by b and g. We have realized that F is a better parameter to reflect how much better a CFP is developed, but the analysis time efficiency and the apparent concentration of the crude drug were not taken into consideration. Therefore, we defined Fr as the relative index of CFP. This is the F value when the extractum components from 1-mg crude drug or preparation are loaded and separated for 50 min, as shown in Eq. (13), where Q is the apparent injection amount (mg) and t is the separation time. The index Fr reveals not only how abundant is the information of the magnitude and uniformization of all fingerprint signals, and the separation efficiency (including the effective separation ratio and time efficacy), but also how high are the contents of chemical components included in the crude drug or preparation. Such information can serve as a better objective function of optimization for fingerprints.
Experimental

Apparatus and reagents
The analysis was performed with an Agilent 1100 HPLC series (Hewlett Packard, CA), consisting of a DAD detector, low pressure quaternary pumps, an online degasser and an autosampler.
All data acquired were processed by a ChemStation workstation (Agilent technology Inc.). A KQ-50B ultrasonic bath (Kunshan Ultrasonic Instrument Co. Ltd., China) and a Sarturius-BS110S analytic scale (Saiduolisi Scale Co. Ltd., Beijing, China) were used during the analysis process. GHIA and GHEA standards were purchased from the National Institute for the Pharmaceutical and Biological Products (Beijing, China) for the determination of the content. Methanol, acetonotrile (purchased from Yuwang Industry Co. Ltd., Shandong, China) and glacial acetic acid (provided by Kemiou Chemicals Developing Center, Tianjin, China) were all of HPLC grade. The other reagents were of analytical grade. Water used for sample solution and other preparation was deionized. 
Standard solutions
Each accurately weighed SB of 8 mg was introduced into a 50-mL volumetric flask and water was added to make 160 mg/ml standard solution. Appropriate amounts of GHIA and GHEA were respectively weighed and added into 50% (v/v) methanol to make 565, 130 mg/ml standard solutions.
Sample solution
Ten tablets were accurately weighed and the average weight was calculated, then the tablets were finely powdered. A quantity equivalent to two tablets was weighed and transferred into a 25 ml volumetric flask, and 75% (v/v) methanol (containing 1% NH3) was added; the mixture was sonicated for 20 min and finally diluted to 25 ml with 75% (v/v) methanol (containing 1% NH3). The solution was centrifuged at 3500 rpm for 10 min, and the supernatant obtained was filtered through a 0.45 mm millipore filter before the analysis.
Apparatus and conditions
The chromatographic separations were carried out on a CenturySIL C18 BDS column (200 mm ¥ 4.6 mm, 5 mm). The mobile phase consisted of 1% acetic acid water (A) and 1% acetic acid acetonitrile (B) using a gradient program of 3 -5% (B) in 0 -8 min; 5 -22% (B) in 8 -25 min; 22 -27% (B) in 25 -45 min; 27 -45% (B) in 45 -62 min; 45 -65% (B) in 62 -82 min; 65 -85% (B) in 82 -95 min. The flow rate was 1.0 ml/min. The DAD detector was set at 254 nm for acquiring chromatograms. The column temperature was kept at 30.00 ± 0.15˚C. An aliquot of 5 ml solution was injected into HPLC column for analysis with a total run time of 98 min.
Results and Discussion
Optimization of chromatographic conditions Selection of the mobile phase system and detection wavelength. In this study, Fr was used as the objective function to optimize the separation system, measuring the degree of separation in the experimental system. A set of six conditions were considered; the values of Fr are shown in Fig. 1 . The higher the Fr value, the better the condition. We investigated the wavelengths of 203, 228, 254, 280 and 326 nm (we also determined the 190 -400 nm 3D-chromatographic spectric plot of CLTs) based on the characters of main chemical components in the CLTs. There was interference from acetic acid in lower wavelengths, and the fingerprint peaks in 280 and 326 nm were all less than that at 254 nm, in which Fr was much bigger to reflect the absorption of the most of chemical components in the CLTs. Selection of the extracted solvent. Samples were extracted with water (containing 1% NH3), 25% (v/v) methanol (containing 1% NH3), 25% (v/v) methanol (containing 1% NH3), 50% (v/v) methanol (containing 1% NH3), 75% (v/v) methanol (containing 1% NH3), 95% (v/v) methanol (containing 1% NH3), 75% (v/v) ethanol (containing 1% NH3), 95% (v/v) ethanol (containing 1% NH3), respectively. After loading the above sample solutions, we found the values of Fr shown in Fig. 1 . Although the Fr values were relative higher than with 95% (v/v) methanol (containing 1% NH3) and 95% (v/v) ethanol (containing 1% NH3), the peaks in the fingerprints were fewer. In the end, 75% (v/v) methanol (containing 1% NH3) was determined to be the best solvent. Selection of the extraction time. Ten tablets of S2 were taken for four aliquots, and prepared as the above-mentioned method. One sample was sonicated for 20, 30, 40 and 50 min, respectively. The values of Fr are shown in Fig. 1 , in which the Fr values of four different extraction times had no significant difference from each other. Considering the time efficiency, we sonicated the sample for 20 min.
System suitability test
Five microliters of sample solution and standard solutions of SB, GHEA, GHIA were respectively loaded and the chromatograms recorded are shown in Fig. 2 . For good separation degree with the neighboring peaks and the moderate retention time, the peak of GHIA was selected as the referencial peak. From baseline data taken in 2 h, we conclude that no other peaks from impurities disturb the separation process. The elution time continued for 98 min according to the 2 h sample chromatogram. By comparing the retention times, we came to the conclusion that the peak at 61.98 min was GHIA, of which the theoretical plate number was 2163825, the peak at 27.72 min was SB, and the peak at 86.44 min was GHEA.
Injection precision
The injection precision was validated by replicate injection of the same sample solution for six times in a day. The relative standard deviations (RSD) of relative retention time and relative peak area were found not to exceed 1% and 3%, respectively.
Sample stability test
The sample stability test precision was determined with one sample during 21 h. The fresh sample solution of S2 was loaded at 0, 3, 6, 9, 12, 15, 18, 21 h after the preparation, respectively. The RSD of relative retention time and relative peak area were found less than 1% and 3% respectively in 18 h, while the RSDs of relative retention peak areas for other six were beyond 3%, suggesting that the sample solution was stable within 18 h.
Method reproducibility
We analyzed five independently prepared samples of S2 to assess the repeatability. The RSD of relative retention time and relative peak area were below 1% and 3% respectively, except the RSD of relative peak area of peak 6 (4.27 min), indicating that the method was reproducibile.
Development of the RFP
The sample solutions of 26 batches of CLTs were prepared according to the procedure described above and loaded into the HPLC system and recorded the chromatograms. The results clearly indicated that 5 batches of CLTs were inferiors, because there were few peaks in the chromatograms. On the premise that all the common peaks could be observed in every chromatogram of the remaining 21 batches, each was identified to have 35 co-possessing peaks in the sample fingerprint (SFP). The PRFP was produced in terms of the average model of the 21 batches of CLTs, as shown in Fig. 3 . The quality information hidden in the original chromagraphic signals of the 21 batches of CLTs were assessed by the software of Digitized Evaluation System for Super-Information Characteristics of TCM Fingerprints, which was invented by Guoxiang Sun, and the values of the dual qualitative similarities are listed in Table 1 .
Development of the RFP for CLTs
A method called Within-groups linkage was applied and the Squared Euclidean distance was selected as a measurement. The hierarchical clustering analysis (HCA) of the 21 batches of CLTs based on the variants SF and SF¢ listed in Table 1 was performed by using SPSS soft. According to the results of classification, 21 batches of CLTs could be divided into three groups (Fig. 4A) . We chose the 13 samples in Group 1 (S5, S8 -11, S13 -19, S21) to develop the RFP (Fig. 5) , in which the dual qualitative similarities were all above 0. Table 2 . The values cos 2 X28 = 0.611 (the GHIA peak) and cos 2 X34 = 0.285 showed that the contributions of the two peaks played a great role in creating the similarities.
The DQDQS assessment of the 13 batches of CLTs that synthesized RFP
We take the RFP as the standard model to recalculate the DQDQS of the above 13 batches of CLTs that synthesized RFP, listed in Table 3 . The HCA of the 13 batches of CLTs based on the variants C and P given in Table 3 was performed by using SPSS soft (Fig. 4B) to divide the 13 batches of CLTs into four groups. According to the results of classification, the samples in Group 1 (S8, S9, S15) were ideal for 115% < P < 116% and -7 < C -P < 7. Though the DQLS of S11 in Group 2 (only S11) were ideal, the value of P was obviously higher (P = 135%). However, the value of P of S21 in Group 4 (only S21) was obviously lower (P = 67.8%). As a result, although the 2 batches of CLTs were similar to the RFP in chemical constituent distribution, they were both unqualified products, for the values of P were beyond the range of 85 -120%. The values of P in Group 3 (S5, S10, S13, S14, S16 -S19) were all in the range of 85 -120% except S10, the quality of S16 and S18 was the best, and S5 and S17 followed. |C -P| ª 10% indicated S5 and S17 had larger variability in the contents of some larger components.
Though the DQTS of S13, S14 and S19 were a little lower, they were all qualified.
The DQDQS assessment of the other 13 batches of CLTs
The DQDQS of the remaining 8 batches of CLTs and 5 batches of inferiors were calculated and are listed in Table 4 . According to the results, S20 was pretty qualified, but its total components contents were a little lower. Though the values of SF¢ for S3 and S4 were both above 0.90, which indicated the chemical composition quantity was qualified, there were obvious differences between the SFP and the RFP in chemical constituent distribution (SF < 0.9). At the same time, the values of P for S3 and S4 were obviously higher, both above 146%. The DQTS of S6 were in the limited range, but the value of SF¢ was less than 0.9. However, the DQDQS of S12 were both beyond the limited ranges. Therefore, S6 and S12 were unqualified products. The DQDQS of S22 -26 showed they were all inferiors. For all of the 5 batches of CLTs were inferior obviously as were nearly 20% of the samples chosen by us; this kind of behavior is harmful to people, being below the national standard promulated by China. We are not willing to announce which factories produced the above 5 batches of inferior samples.
Conclusions
In this paper, the HPLC-FPs were successfully deveoped by choosing GHIA peak as the referential peak, in which the relative index of CFP (Fr) was used as the objective function to optimize the CFP conditions. The whole 26 batches of CLTs were evaluated by DQDQ. Among the 26 batches of CLTs, 11 batches were completely qualified, the contents of 3 batches were obviously higher while other 6 batches were relatively lower, and the chemical constituents proportion distributed in 1 batch were not qualified and the remaining 5 batches were inferiors. The DQLS (SF and SF¢) accurately describe the similarities of the chemical component quantity and chemical constituents proportion distributed between the SFP and the RFP. The DQTS (C and P) can accurately reflect the total content of the chemical components in HD or TCM, and can precisely differentiate the contents of them. If the DQLS are both above 0.9 as well as |SF -SF¢| £ 0.05, and the DQTS are both within the range of 85 -120% with |C -P| £ 10%, the samples are considered to be qualified. This can perfectly resolve the problem of overall qualitative and overall quantitative evaluations on HD and TCM by CFP technique. The HPLC-FPs with good precision and reproducibility in this study can be perfectly applied in the quality control of CLTs, when combined with the DQDQS method. What is more, the methods applied in this paper are suitable for all HD and TCM. Paramater S5 S8 S9 S10 S11 S13 S14 S15 S16 S17 S18 S19 S21 
